Abstract: There are many olive (0/ea europaea L) varieties grown in Anatolia, which have not been characterized (morphologic and biologic characteristics), yet, Some of them that have been identified by morphologic and biological characteristics, but stili have discriminate some variations due to unknown genotypic or phenotypic causes. Genetic diversity studies using Random Amplified Polymorphic DNA (RAPD) technique were carried out in a set of 10 olive cultivars (Ayvalik, Derik Halhali, Domat, Gemlik, Kilis Yaglik, Manzanilla, Memecik, Nizip Yaglik, Sari Ulak and Tavsan ,Yuregi) from the Turkish Olive Germplasm Bank of the Olive Research Institute in Izmir, Turkey. Analysis of PCR products was achieved by using the simple matching coefficient and UPGMA clustering. Primers were identified and used in combination to discriminate between different varieties. The diversity of RAPD patterns demonstrated the biodiversity among varieties. Also some pomological and biochemical analysis were done in order to support the results of the genetic variability. Among cultivars, Derik Halhali showed the big differences, according to the genetic and biochemical results.
Introduction
The olive tree (Olea europaea L.) originated from Upper Mesopotamia and Southwest Asia, including a pan of the South East Anatolia Region of Turkey and Syria. The Semitic people in this region first did cultivation and improvement as early as 3000 BC. From this region, olive cultivation spread northward into Anatolia, then the Aegean Sea islands, Greece, Italy and Spain, southward into Egypt, then Tunisia and Morocco (Ertem 1987 , Hehn 1998 , Anonymous 1996 , Garibagaoglu and Baysal 1998 .
In most producing countries, there are hundreds of cultivars, which have adapted to various microclimates and soil types. Bartolini et al (1993) have ascertained the existence throughout the world of roughly 1,200 named cultivars with over 3,000 synonyms. There are 97 selected varieties or types, originating from Turkey and 33 varieties, originating from other countries, in the Olive Research Institute (ORI), Turkey collection. ORI has completed a study to identify the most common and important 27 local cultivars based on traditional methods, which are based on morphological and agronomic characteristics (Anonymous 1991) . The Ministry of Agriculture registered these cultivars. However the remaining cultivars or types need further study to be characterized.
The traditional technique for identifying olive cultivars is based on morphological and agronomic characters. There is much confusion and uncertainty concerning the identity of the olive trees in a region. In view of the considerable variability in performance and phenotypic development observe by growers among, the traditionally identified, a variety (Wiesman et.al. 1998 ).
Identification of olive varieties, based on the analysis of gene products, such as isozymes, has been used (Pontikis et al. 1980, Loukas and Krimbas 1983) , but the disadvantage of this method is common and may make interpretation of results difficult; because of the relatively small number of polymorphisms that are produced, and the possibility that isozyme expression can also be 'Ankara Univ., Fac. of Agriculture, Department of Horticulture-Ankara altered by environmental conditions (Trujillo et al. 1995.) . Random Amplified Polymorphic DNA (RAPD) analysis, described by Williams et al. (1990) and Welsh, McClelland (1990) and Newburry and Ford-Lloyd (1993) , has proven to be a useful tool for genetic typing and mapping. They have reported Random Amplified Polymorphic DNA (RAPD) markers, which involve the direct analysis of DNA extracted from samples of leaves, are independent of the environmental conditions and present a greater degree of polymorphism. Bogani et al. (1994 ), Fabrri et al. (1995 , Cresti et al. (1996) and Wiesman et al (1998) about advantages of using RAPDs for identification of olive varieties.
In olive cultivation, the intensive modes of production favor the use of a few varieties with a stable and regular yield over a wide area associated with acceptable organoleptic characteristics. This selection leads to genetic erosion due to the abandonment of numerous locally adapted olive varieties (Bronzini de Caraffa et.al. 2002) .
The present study represents a first attempt to characterize important olive varieties grown in Turkey at the molecular level using the RAPD system, with particular emphasis on the 9 officially registered (by Ministry of Agriculture in Turkey) olive varieties "Ayvalik, Domat, Gemlik, Halhali (Denk), Kilis Yaglik, Memecik, Nizip Yaglik, Sari Ulak, Tavsan Yuregi", originating in Turkey, and "Manzanilla", originating in Spain (Table 1) . They have been obtained from the Turkish Olive Germplasm Bank in Olive Research Institute, Izmir, Turkey. They had been traditionally identified and some morphological and biological traits were summarized in a table.
Material and Methods
Ten olive (Olea europea L.) cultivars were analyzed by using RAPD-PCR technique. Plant material was obtained from a collection maintained in the experimental orchards at the Olive Research Institute, Izmir, Turkey (Table 1) .
DNA extraction: Total DNA was extracted from the leaf tissue by using the CTAB method of Doyle and Doyle (4) with some modifications. Young leaves of 0.2 .g were ground in a mortar and mixed with 1 ml extraction buffer containing 100 mM Tris-HCI pH 8, 10 mM EDTA, 1 M NaCI, 2 % CTAB, 2 % PVP 40, 0.1 % [3-mercaptoethanol. Samples were incubated for 15 min. at 65°C mixed with 0.5 ml of Chloroform/lsoamyl alcohol (24:1) and centrifuged at 5000xg for 5 min. The aqueus phase was recovered and mixed with 2/3 volume of isopropanol. The mixture was centrifuged at 14000xg for 5 min. The pellet was washed with 1 ml Ethanol/Ammonium acetate (%76 Ethanol, 10 mM Ammonium acetate) and centrifuged at 14000xg for 5 min. The pellet was resuspended in 0.2 ml H2O and the DNA quantity was determined by spectrophotometer reading at 260 nm.
RAPD analysis: PCR amplification was carried out in a total volume of 25 NI containing 200 pM dNTP, 2 mM MgCl2, 1 pM primer (Operon), 1U Taq DNA polymerase (Promega), 1x Reaction Buffer (Promega) and 25 ng template DNA. Fourteen decamer oligo nucleotides (Operon Technologies, Alameda, California) were used. The PCR program was started at 94°C for 1 min, followed by 50 cycles of denaturation at 94°C for 20 sec, annealing at 35°C for 20 sec, extension at 72°C for 30 sec, and final extension at 72°C for 5 min. Amplification products were separated on 1.5% agarose gels (SeaKem, FMC) in TAE buffer, stained with ethidium bromide, recorded and analyzed by using UVP Gel Analysis System. Molecular sizes of amplification products were estimated using. cOX174 DNA/Hae 111 marker (Promega).
The amplified DNA fragments were scored by presence and absence. The degree of genetic similarity between each pair of cultivars was calculated by using Similarity Index Method (S.I.M.) (10). For dendrogram construction Numerical Taxonomy and Multivariate Analysis System software (Version 1.8) was used (9).
DNA extraction: Total DNA was extracted from the leaf tissue by using the CTAB method of Doyle and Doyle (1987) with some modifications. Young leaves of 0.2 g were ground in a mortar and mixed with 1 mL extraction buffer containing 100 mM Tris-HCI pH 8, 10 mM EDTA, 1 M NaCI, 2 % CTAB, 2 % PVP 40, 0.1% (3-mercaptoethanol. Samples were incubated for 15 min. at 65°C mixed with 0.5 mL of Chloroform/lsoamyl alcohol (24:1) and centrifuged at 5000xg for 5 min. The aqueus phase was recovered and mixed with 2/3 volume of isopropanol. The mixture was centrifuged at 14000xg for 5 min. The pellet has been washed with 1 mL Ethanol/Ammonium acetate (% 76 Ethanol, 10 mM Ammonium acetate) and centrifuged at 14000xg for 5 min. The pellet was resuspended in 0.2 mL H 2O and the DNA quantity was evaluated by reading at 260 nm.
RAPD analysis:
Fourteen decamer oligo nucleotides (Operon Technologies, Alameda, California) were used for PCR amplification with the following conditions; PCR was performed in 25 NI volume containing 200 pM dNTP, 2 mM MgCl2, 1 pM primer (Operon), 1U Taq DNA polymerase (Promega), 1x Reac. Buffer (Promega) and 25 ng template DNA. For amplification reaction, a thermal cycler (PTC 200, MJR) was used with the following program; One cycle of denaturation at 94°C for 1 min. followed by 50 cycles at 94°C for 20 sec, at 35°C for 20 sec, at 72°C for 30 sec for denaturing, annealing and extension respectively. The last cycle was followed by 5 min. incubation at 72 °C. Amplification products were analysed by gel electrophoresis in 1.5 % agarose (SeaKem LE, FMC) in TAE buffer, stained with ethidium bromide, recorded and analysed by using UVP Gel Analysis System. Molecular sizes of amplification products were (Olea europaea L.) cultivars grown in Turkey" estimated using cbX174 DNA/Hae III marker (Promega). Data generated by RAPD-PCR was analysed and a dendrogram was constructed using a windows program TFPGA v1.3 by Mark P. Miller.
The cultivars were also examined for some morphological and biological characteristics and oil composition. The characteristics were observed according to the Catalogue of Turkish Standard Olive Cultivars (Anonymous 1991) . The oil analysis was established by using Gas chromatography (HP 6890 Gas Choromatograph) methods according to Boas et al. (1994) .
Results and Discussion
Each of the 14 decamer oligo nucleotides successfully amplified DNA fragments. Some information about 10 olive cultivars and an example of primer C-11 are shown in Fig.1 . Amplification products of fourteen primers were selected for further analysis because these primers generated polymorphic amplification fragments (Table 2) . These primers revealed 57 reproducible polymorphic amplification fragments. The number of reproducible polymorphic fragments per primer ranged between 2 and 5, and fragment size ranged between 271 and 1353 base pairs. Genetic similarity among 10 olive cultivars are summarized in Table 3 and genetic relationships among them are shown in a dendrogram (Fig 2) .
According to the dendrogram, five cultivars (Domat, Gemlik, Kilis Yaglik, Manzanilla and Nizip Yaglik) were clustered in group one which shows more than 60% genetic similarity. Denk Halhali was separated from all other cultivars.
Three cultivars, Ayval ı k, Domat and Memecik, originated from the Aegean Region. Gemlik originated from the Marmara region. Derik Halhali, Kilis yaglik and Nizip yaglik originated from the South East Anatolia region. Sari Ulak and Tavsan Yuregi originated from the Mediterranean Region (Table 1, Fig 1 and The most advanced and accurate methods available . f o r o l i v e c u l t i v a r i d e n t i f i c a t i o n h a v e b e e n t h e c o m b i n a t i o n of morphological, phenological and biochemical techniques (Table 4 and Table 5 ) used by the world's research institutes and nurseries. Technological advances are now allowing the industry to combine these techniques with the use of Random Amplified Polymorphic DNA (RAPD) analysis.
As a conclusion, although information available for the cultivars and the area of cultivation of cultivars (Table  4 ) and the dendrogram (Fig 2) shows that there is no relationship regarding the geographic origin of the olive cultivars, detailed researches should be done in near future. Also specifically analysis of oil composition (Table  5) shows that there is no relation regarding the geographic origin and morphological and biological differences. Further, researches by using other primers should be conducted will help to establish the relationship, among cultivars. Table 2 . List of the 14 RAPD Oligonucleotide (primers) and their sequences which produced polymorphic markers among cultivars studied.
Prı mers (Oligo)
Total 57 # Polymorphic loci: Total number of DNA fragments shared in 10 Olea europea cultivars. 
